Steven-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare and sometimes life-threatening hypersensitivity mucocutaneous disease triggered mostly by medication and infections Major involving tissues are the mucous membranes of oral, gastrointestinal, respiratory, integument, and gynecologic tissues. Even after recovering from skin problems without sequelae, survivors can have serious ocular complications leading to blindness despite local and systemic therapy. There is no definite effective systemic and local treatment for SJS/TEN. Early detection and aggressive treatment are important for the long-term prognosis of the eye. Eyelid margin and palpebral conjunctiva and fornix should be checked thoroughly to detect the cicatrical changes that make chronic ocular surface failure such as limbal cell deficiency and complete ocular surface keratinization. Amniotic membrane transplantation and cultivated oral mucosal graft are beneficial to reduce the risk of ocular surface failure. 
INTRODUCTION
The ocular surface is mainly composed of conjunctiva and corneal epithelium covered by a thin layer of tear film. Proper eyelid function, lacrimal gland tear production, meibomian gland function and sensorineural factors are essential for homeostasis [1] .
Even one dysfunction can make permanent ocular surface problems, which lead to blindness, or ocular surface failure. Ocular surface failure is classified to the two major types; the first is limbal stem cell deficiency (LSCD), in which the corneal epithelium is replaced by conjunctival epithelium and the second is squamous metaplasia, in which the corneal or conjunctival epithelium exhibits keratinization and loss of mucosal epithelial characteristics including the expression of goblet cells. Although there are some options to treat the ocular surface failure, both two types eventually give birth to the dreadful result, blindness.
Steven-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) is a hypersensitivity mucocutaneous disease triggered mostly by medication and infection. They have a direct effect on the skin and no fewer than two mucous membranes including the eye and sometimes can be life-threatening [2] . SJS and TEN are variants belonging in the same class and are defined based upon the amount of epidermal detachment; SJS, 10% or less of total body surface area involvement, TEN, 30% or greater involvement and SJS/TEN overlap, involvement between 10-30% [3] . Clinical findings include a prodromal symptom of fever and malaise, followed by the development of a generalized, tender cutaneous eruption consisting of a variety of morphologic macules, papules, atypical target lesions and vesicles or bullae [4] . Serious dermatologic manifestations may make a physician overlook ocular sequelae, which are irreversible and fatal to visual acuity by the destruction of the ocular surface. The incidence of SJS and TEN are 9.2 and 1.9 per million person-years, respectively [5] . The rareness of SJS/TEN is the obstacle to provide the well-controlled clinical trial and evi-compound medications, such as over-the-counter cold medications [10] .
The molecular pathogenesis of SJS/TEN is also not clear. A cytotoxic T lymphocyte (CTL) immune-mediated reaction is known as the major immunologic component of SJS/TEN [11, 12] . An Immunological memory may cause an early manifestation of recurrent cases of SJS/TEN within 48 hours of repeated provocation.
The blister fluid of SJS/TEN patients has shown a predominance of activated CD8+ T lymphocytes, but natural killer (NK) cells and other cytotoxic molecules have also been implicated [13] .
Dysregulation of the Fas pathway has been implicated in the pathogenesis of a variety of tissue-destructive processes, including graft-versus-host disease, multiple sclerosis, stroke, and TEN [14] .
Viard and colleagues showed that Fas may play a key role in inducing apoptosis in keratinocytes in TEN [15] . They reported that mediation of keratinocyte death in TEN through activation of Fas and by elevated expression of Fas ligand (FasL) on the cell surface of keratinocytes and high levels of soluble sFasL in TEN serum and in frozen skin sections of TEN patients induced apoptosis in a Fas-sensitive cell line, while apoptosis was blocked by anti-FasLmonocolonal antibody. But Chang and colleagues found that sFasL levels peaked 24-48 hours after the onset of significant skin damage, suggesting that sFasL may be a byproduct of FasL expressed on epidermal cells and not a direct inducer of apoptosis [16] . Other immunologic components were suggested such as Gelatinase A (MMP2) and B (MMP9) [17] , TNF-R1 and TNF-related apoptosisinducing ligand (TRAIL) [18] , IFN gamma, TNFalpha, sFasL, IL-18, and IL-10 [19] and perforin/granzyme B [20] .
OCULAR MANIFESTATIONS
The ocular manifestation of SJS/TEN can be changed according to the clinical stages; acute, subacute and chronic ( acute stage is usually within 2 weeks after the onset of symptoms.
The most common ocular condition observed at this stage is bilateral conjunctivitis, which occurs in 15-75% of patients [21, 22] . Another 25% of hospitalized patients develop conjunctival and/or corneal ulcerations. A careful lid eversion with fluorescein staining is mandatory to inspect the tarsal and the bulbar conjunctiva.
ACUTE PHASE
The pathogenesis of the acute phase of SJS/TEN are the keratinocyte apoptosis and secondary effects of inflammation and loss of ocular surface epithelium. Acute ocular involvement rate is 50%
to 88% of SJS/TEN [23] [24] [25] . Epithelial loss of tarsal conjunctiva and eyelid margin with or without pseudomembrane or true membrane formation can make early symblepharon formation and fornix foreshortening. Corneal epithelial defect can bring out corneal ulceration and perforation [26, 27] . Meibomianitis has a high prevalence rate, which are more than half of patients [23] .
Power and colleagues suggested the schema for the severity of ocular involvement during the acute phase of the disease [24] . To sum up, mild was defined as ocular signs involvement just like lid edema, conjunctival injection, which require prophylactic antibiotics or lubricants and routine eye care, after all completely resolved before discharge from hospital. Moderate involvement was defined as requiring specific treatment. Conjunctival membranes, corneal epithelial loss of more than 30% were typical ocular complications, but vision usually is not affected and the ocular complications were nearly resolved before discharge. Severe involvement meant that the sight-threatening status and the patients needed continuous specific ophthalmic treatment after discharge. Symblepharon showed the active state of corneal disease. Severity was determined by the severity of more severely affected eye.
SUBACUTE PHASE
Even though skin lesions are mostly resolved, chronic cicatriz- leading to corneal epithelial defects, infection, and stromal scar (Fig. 1) . Severe inflammation and persistent ulceration of the tarsal conjunctiva and lid margins leads to lid margin keratinization and tarsal scar [28, 29] .
CHRONIC PHASE
Sotozono and colleagues developed a grading system for the chronic ocular manifestations in patients with SJS/TEN which is made up by corneal, conjunctival, and eyelid complications and they assessed 13 components and scored them on a scale from 0 to 3 according to their severity [30] . The grading system was based on manifestations observed using slit-lamp biomicroscopy. The lid closure and blinking, and sometimes restrict ocular motility [33] . The contracture of the palpebral conjunctiva leads to cicatricial entropion and trichiasis [34] . Tarsal conjunctival scarring can be associated with eyelid malpositions and other disorders, including ectropion, entropion, trichiasis, distichiasis, meibomian gland atrophy and inspissation, punctal occlusion, and keratinization of the eyelid margin, tarsal and bulbar conjunctival surfaces [28, 33] ( Fig. 2) . A vicious cycle of ocular surface inflammation and scarring leads to disruption of the delicate architecture and function of the eyelids and tear film, which leads to further progression of the ocular surface damage and increased inflammation.
Chronic ocular sequelae leads to ocular surface failure such as chronic LSCD or squamous metaplasia of ocular surface and is correlated with development of late corneal blindness [28] . Symblepharon and eyelid malposition often worsen over time. Lipid tear deficiency, in which conjunctival cytology showed a marked decrease in goblet cell density [23] , and trauma by lid margin abnormality are the main pathogenesis. The keratinized inner eyelid surface can lead directly to chronic corneal inflammation, neovascularization, scarring, and LSCD [28, 29] . Scarring in the fornices and in the lacrimal gland ducts causes severe aqueous tear deficiency and xerosis [35] .
PROGNOSTIC FACTORS
The prevalence of specific ocular abnormalities after SJS/TEN varies widely according to published reports. The lack of standardized criteria for grading the severity of acute ocular involvement may yield variable complication rates across different studies [23, 28, 36] . The reported mortality rates varied between 1-5% for SJS and 25-35% for patients with TEN. Predictors of mortality included increasing age, increasing number of chronic conditions, infection (septicemia, pneumonia, and tuberculosis), hematological malignancy (non-Hodgkin's lymphoma, leukemia), and renal failure (P≤0.03 for all) [5] .
The physician can miss the best opportunity to treat the eye by unawareness of early signs and symptoms of the eyes because they are apt to pay attention to the fatal condition [9] . But, compared with Sjögren syndrome (SS) that is the severe chronic ocular surface inflammatory diseases SJS/TEN is worse in visual acuity, clinical ocular surface score and subjective scores [37] . The acute stage severity or etiology did not correlate to ocular involvement. Generally, ocular complications were related to ocular involvement severity in the acute phase. Early ophthalmic assessment and frequent follow-up are helpful because ocular involvement represents the first long-term complication in patients with TEN [23] .
Predictive factors associated with acute ocular involvement in SJS/TEN are young age and the history of taking NSAIDs or cold remedies [38] . This case series suggest that the mortality of children is lower, ranging between 0% and 17%. Antibiotics, anticonvulsants, and nonsteroidal anti-inflammatory drugs are the most commonly implicated etiologies in children [39] . The degree of ocular complication increased the prevalence of visual disturbance and eye dryness [38] .
Systemic steroid had no benefit on ocular complications [24, 40] .
The SCORTEN is a severity-of-illness score for SJS and TEN based on a minimal set of well-defined variables derived from the Simplified Acute Physiology Score (SAPS II) that is calculated within 24 hours of admission [2] . In acute stage, the patients with epidermal detachment of more than 10% of the total body surface showed more frequent ocular damage. But the SCORTEN value did not correlate with the severity of eye involvement in the acute setting [41] . The severity of the acute ocular disease and abnormal laboratory tests were not the significant risk factors of late complications [42] .
Conjunctivalization of cornea, Cicatricial eyelid and conjunctival complications were correlated with poor vision.
Appropriate early treatment cannot prevent slight cicatrical changes in the eyelid and even slight cicatrical changes can make corneal complications. The lid margin was a commonly affected site.
TREATMENT
The goal of treatment of SJS/TEN is the recovery of the systemic condition and prevention of cicatrical ocular complications [43] .
Patterns of chronic ocular disease after the acute episode were classified to mild/moderate SJS, severe SJS, ocular surface failure, recurrent episodic inflammation, scleritis and progressive conjunctival cicatrisation resembling mucous membrane pemphigoid [44, 45] . The severity of ocular involvement was classified as mild, moderate, or severe.
Until now, there was no evidence of therapeutic benefits of systemic immunodulatory therapy in final visual outcome and chronic ocular complications in SJS/TEN [40, 46] . Ophthalmic treatment depend on the severity and topical eye drops cannot substitute surgical treatment. In acute SJS/TEN, topical medications for severe conjunctivitis with meibominitis are topical broad-spectrum antibiotic, topical corticosteroid, and a preservative-free lubricant to protect the ocular surface in acute-stage patients. Early topical steroid treatment is important for the improvement of visual prognosis [31] . Amniotic membrane transplantation (AMT) at the acute stage of SJS/ TEN with conformer, symblepharon ring or ProKera should cover the all ocular surface [47] . Cryopreserved amniotic membrane was applied over the lid margins, palpebral conjunctiva, and ocular surface, anchored in place with bolstered fornix sutures, perilimbal sutures, and a conformer [32, 48, 49] . AMT usually performed in the acute stage with the first 2 weeks after the onset of ocular involvement to encourage the rapid epithelial healing and to reduce inflammation and scarring in the ocular surface.
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In subacute or chronic stage, the ocular surface can be compro- Although large diameter scleral contact lenses offer substantial benefits to patients with ocular involvement of SJS/TEN, lens fitting can be a problem in eyes with symblepharon [29, 50] . In addition, patient compliance may be less than optimal after SJS and its high cost is the barrier to its use [29] . The long term use of bandage contact lenses and scleral lenses can lead to the complications, especially in chronic dry eyes [51] . Mucous membrane grafting (MMG)
is the efficient treatment to reducing keratinization of palapebral conjunctiva and eyelid margin [48, 52] . McCord and colleagues reported the earliest clinical series of buccal MMG in SJS and Iyer and colleagues supported the efficacy of MMG in preventing lid margin keratinization [29, 48, 52] .
In the end stage disease, patients have the corneal blindness with severe dry eye. Generally, penetrating keratoplasty should not be performed in the condition of severe dry eye with SJS or TEN because PK does not supply the limbal region of the eye with corneal epithelial stem cells [31, 32, 48, 49] . Limbal stem cell transplantation (LSCT) and cultivated oral mucosal epithelial transplantation (COMET) can be the optimal choice to promote the epithelial regeneration with a relatively wet ocular surface [53] [54] [55] [56] .
In general, patients with SJS/TEN had poorer graft survival rates compared with other LSCD of chemical burn and thermal corneal damage [32, 55, 56] because these patients present with serious preoperative conditions (e.g., persistent inflammation of the ocular surface, abnormal epithelial differentiation of the ocular surface, severe dry eye and lid-related abnormalities). Additionally, patients with allogenic LSCT inevitably need immunosuppressive treatment and both immunological defenses and the distribution of commensal bacterial on the ocular surface may become modified to some extent, resulting in the occurrence of postoperative bacterial infections, immunological rejection, or sustained ocular surface inflammation [57] . Thus, the long-term prognosis in these patients is poor. In 2002, Nakamura and colleagues first reported ocular surface reconstruction using tissue-engineered autologous oral mucosal epithelial sheets [53, 54] . Since then, autologous CO-MET has been used around the world to treat eyes with severe ocular surface disorders, including SJS [58] . A recent summarized report of 242 patients showed that 72% (126/175 eyes) of eyes were classified to successful treatment and 68% (142/210 eyes) of the eyes experienced visual improvement in bilateral LSCD [58] . Naturally, patients who had COMET do not need the immunosuppression, which was different from LSCT.
Keratoprosthesis is replacement of a damaged and opaque cornea with an artificial implant. Clinically used keratoprothetics are the Boston keratoprothesis and Osteo-odonto-keratoprothesis.
The Boston keratoprosthesis has a collar button design. It consists of 3 components: a front plate with an optical stem, a back plate, and a titanium locking C-ring [59] . The sandwiched corneal tissue between two plates is used to suture the device to the eye. The Bos- 
